The Mountain White-crowned Sparrow (Zonotrichiu leucophrys oriantha) breeds in the high-moantain meadolws of the western United States and southwestern Canada and winters in the southwestern United States and northern Mexico ( AOU 1957). Apparently, the Rocky Mountains and the Sierra Nevada provide the greatest amount of habitat suitable for reproduction, but the Cascades and small ranges within the Great Basin also harbor breeding populations (Banks 1964).
late season storm, and it snowed every day from 7 to 14 June; the total accumulation of snow was 7-10 cm.
This slowed considerably the opening of the habitat. The willows, for example, did not leaf out until late June.
RESULTS AND DISCUSSION

TIME OF ARRIVAL
Nearly all of the birds arrived ahead of us in 1968 and 1969, so there is little to be said about their arrival schedule in those years. In 1970, we surveyed the study area on 21 and 22 May and found 21 2. 1. oriantha. As near as we could tell, these consisted of seven pairs plus seven lone males. All the males were singing. Within 10 days there were about four times this many birds in the area, nearly all paired. This suggests that the birds arrive during the last half of May, with the males probably tending to arrive before the females. It is common among migratory passerines for the males to arrive at the breeding ground ahead of the females. This behavior has been documented in 2. 1. gambelii by Oakeson (1954) and by King et al. (1965) . However, Oakeson (1954) also observed both sexes of 2. 1. pugeteds arriving on the same day.
TERRITORIES
After arrival, the males establish themselves on areas of snow-free meadow and attract a mate. If no open areas are available, they maintain singing perches in the tall conifers edging the meadows until they can move out onto the breeding habitat. They may become paired during this period. As soon as a patch of thawed habitat appears, the lone male or the pair, as the case may be, move onto it and defend it. A pair may occupy their territory for a full 2 weeks before nest building occurs if environmental conditions are retarded. The thaw pattern of a meadow has a great influence on the specific location and shape of a territory. This became especially clear to us in 1969 and 1970 when the birds were establishing themselves as the habitat opened up. The defended area tended to conform to the thawed area despite its fluctuating size and shape. Adjacent pairs foraged for insects on the same snow patches between their territories during this time. Once the snow was gone, an overlap in feeding areas persisted but its extent varied according to the vegetation. Most elf the foraging took place on patches of open (grassy or bare) ground. In large meadows that had 70-80% open ground, there was little or no overlap in feeding areas and a pair sometimes occupied 15,000-20,000 m2 although they actively defended only within a We constructed an accurate map o' f Tioga Pass meadow, with 10-m coordinates, in the first summer of the study for use in fixing capture location. From this we are able to show that if a bird returns, it occupies the same part of the meadow as it did previously. This means, of course, that if both members of a pair return, they are likely to mate again. We know definitely of three cases wherein the same birds were mated two consecutive years. Table 2 shows that we captured more males than females, both adult and immature, every year. The ratio of males to females in adults and in immatures is nearly identical (1.29:1 and 1.27: 1). Results of a x2 test of these differences in sex distribution are significant at the Within a week we were certain that his female was paired with a new male. Perhaps, then, some of the extra males do not come into reproductive condition and some are ready to breed but do not have a mate. We do not know of or suspect any cases oh polyandry.
King et al. (1965) found that there were more males than females in both adult and immature 2. 1. gamhelii killed on their central Alaska breeding grounds. They felt, however, that this was due to their intentional selection of larger birds since they were trying to collect principally males. Sex was not determined in released birds.
In our study it is apparent that, beside being present in greater numbers, males are also easier to catch than females (table 2). The ratio of the total number of captures of males versus those of females is l-.77:1 in adults and I.38:I in immatures. In adults this ratio differs significantly (P < 0.05) from the determined sex ratio.
The data in tables 1 and 2 include birds that did not breed on Tioga Pass meadow nor were they hatched there. We know from our banding records that at least some of these birds came onto the meadow from nearby breeding areas. New adults began to appear near the end of the period of postnuptial molt and we began to capture new immatures shortly after they had fledged. Three of these immatures had been banded as nestlings about 6 km NW of Tioga Pass meadow.
In at the periphery of the meadows. They probably represent secondary choices for nest location. The picture seems to be that 2.1. oriantha prefer to build on the ground in thick grass clumps and at the base of shrubs and in the crowns of willows, especially if they are leafed out. If insufficient sites of this type are available, they will build on fairly wet, o' pen ground in willows that are not leafed out, and at the edge ogf the preferred habitat relatively high up in pine trees.
LAYING SCHEDULE
Eggs were laid singly on consecutive mornings until the clutch was complete. We noted only two exceptions to this. Each time a lapse of an extra day occurred between a second and third egg. Laying took place in the early morning when it was first becoming light. As close as we could determine, this was between 04:lO and 05:30. We weighed and measured 42 eggs of various ages. They weighed an average of 3.04 -I 0.25 g and were 2.26 -c-0.06 cm long and 1.63 * 0.04 cm wide at the widest point. The eggs were blue with brown spots. The brown usually covered about half of the surface but in a few clutches it was almost completely lacking.
In 22 cases we observed the completion of nest construction followed by laying. The average interval between these two events was 2.5 * 2.4 days (range, 1-12 days). The 12-day interval was very unusual since the next longest interval was 5 days. It occurred in 1970 when a female constructed her nest on the ground under a small willo' w in the very same spot as in 1969. She completed the nest on 7 June, only hours before the onset of the week-long snowstorm. During the storm, the nest became filled with snow. On 19 June, she laid in this nest the first egg of a four-egg clutch. All other recently completed empty nests and many of those with eggs were abandoned during this storm (see beyond). Apparently a predilection for a specific nest site was involved in this unusual case.
The chronology of egg-laying was different (fig. 3) . The the renests in 1969 were second broods. We number of clutch starts (date of first egg) indocumented these by catching the banded fecreased until 14 June and declined thereafter. male in a mist net as she was flushed off the The last start was on 9 July. This is a total of nest. Despite the late beginning of the breed-35 days over which clutches were started. The ing season, conditions were favorable for raismean date for all clutch starts was 16 June. ing young much later in the summer than in The renests were second attempts following 1968 and there was a total of 44 days over loss of the first clutch or brood. The 1968 data which clutches were started. The runoff from typify early nesting activity unhindered by melting snow kept the meadows wet and green snowcover or storms. Late nesting was unwell into August; therefore insect adults and doubtedly hampered, however, by the dry larvae were readily available for feeding the conditions. nestlings. In many studies it has been seen that clutch size increases in early spring and decreases as the nesting season progresses; renesting apparently produces fewer eggs than initial nesting (Lack 1954; Davis 1955) . It is generally assumed that this occurs because of worsened trophic conditions. We divided the three nesting seasons of Z. 1. oriantha into quarters and then determined th' e mean clutch size for the various quarters. The means in succcession from first quarter to last quarter were 3.92, 3.91, 4.00, and 3.97. The mean was 3.94 for initial clutches and 4.00 for renests. This suggests that food availability is constant throughout the nesting season (highly doubtful) or that it is not affecting clutch size seasonally in Z. 
min (range, 353 min).
The beginning of incubation was difficult to determine. We noticed that females sometimes sat tightly on freshly completed nests without eggs. This may have been a first manifestation of broodiness or simply their attempts to shape the nest cup. When we flushed females from an empty nest, they had a tendency to abandon it and build another. Once the first egg was laid the females began sitting for several hours each day. Our impression is that this behavior was nonrhythmic and occurred mostly in the morning hours. Females were not observed to sit at night until the last or next-to-last egg had been laid. True incubation may have actually begun with the onset of nighttime sitting because from then on attentiveness during the day seemed to be regular and consistent in pattern.
Incubation has been frequently observed to begin with the laying of the penultimate egg (Davis 1955; Jehl 1968).
In a beautifully documented study of incubation in Tree Sparrows ( Spizella arborea), Weeden (1966) has shown that the activity pattern of incubation was established gradually during egg-laying. In contrast to our admittedly meager data on Z. 1. oriantha, she found that the first attentive interval of S. nrborea females occurred at night. Some day- time attentiveness began with the penultimate egg and a complete pattern of daytime attentiveness began on the day of clutch completion.
INCUBATION PERIOD
The incubation period was measured as the interval between the day the last egg was laid and the day the last chick hatched. It varied considerably among individuals and from year to year for the population (fig. 4) When we examine more closely the time in the nesting cycle when predation occurred, we see that eggs were most likely to be taken during laying on the first day (table 5) and during incubation on days 6 through 9. There was no known predation of nestlings beyond their sixth day. Holcomb (1969) also saw a pattern in American Goldfinches (Spinus tristis) wherein nestlings were more likely to be taken during the middle portion of nest life. As he suggests, this is probably due to their increase in size, noise, and activity. Z. 1. oriantha that are 7 days of age or older have the motor and thermoregulatory abilities to survive out of the nest (Morton and Carey 1971). These older nestlings may be avoiding predation by hiding in nearby vegetation when a predator approaches.
Human interference occurred mostly because of our work, especially on thermoregulation studies of nestlings, Tourists and fishermen were also responsible for some of the mortality. In several cases, eggs were abandoned for reasons actually unknown to us, but we felt human interference was likely and these have been included in that category.
Consulting table 4, we can see that predation of eggs was the greatest cause of mortality in nests both on and above the ground. The relative numbers are greater for those on the ground. This may be because nests on the ground are more likely to be found by predators, especially ground squirrels. In nests built above ground, there was nearly as much total predation of nestlings as there was of eggs. Most of this occurred in 1969 and 1970. We think this happened because, in 1969 and 1970, the growth of vegetation was greatly retarded and nests were much more visible to predators. If weasels were mainly responsible for predation in above-ground nests, the effects of sparse vegetation was probably multiplied because there were greater numbers of weasels on the study area in 1969 and 1970 than in 1968. We have no good quantification of their numbers but a rough index is provided by our field notes. In them we find that weasels were seen 4 times in 1968, 16 times in 1969, and 15 times in 1970.
The net effects of weather on nesting success varied greatly from season to season. In 1968, the only loss was due to a hailstorm that battered apart a nest above ground containing four day-5 nestlings. The nestlings were dumped on the ground and did not survive. There was no mortality observed due to weather in nests on the ground.
In 1969, the situation was reversed because 29.4% ( 10 of 34) of the viable individuals (fertile eggs + nestlings) in nests on the ground were killed because rain on top of a heavy snowpack caused creeks to rise and flood nests on the ground. Relatively few nests were built on the ground in 1969 (fig. 2) ) and the high mortality in them due to weather suggests that they were placed in suboptimal sites. In contrast, only 7.4% (9 of 121) of those in nests above ground were lost because of weather effects.
In 1970, no nestlings died from weather effects. A considerable number of eggs were lost, ho' wever, mainly in the week-long snowstorm in June. Apparently the females could not keep the nests free of snow and forage adequately at the same time.
In some ways, such as in the large seasonal cycle in trophic conditions and in the occurrence of summer storms, high altitude is the ecological equivalent of high latitude. There is an indication that adverse weather may at times be the most important factor limiting productivity of bird populations at high latitude (Jehl and Hussel 1966; Jehl 1968) although severe storms may also be survived without apparent detriment (Oakeson 1954). In contrast to our study, Verbeek (1967 Verbeek ( , 1970 reported no mortality due to weather in Horned Larks and Water Pipits nesting at high altitude. Obviously, mortality due to weather in both of these environments can vary enormously from year to year, depending upon the severity and duration of storms and when they o' ccur in relation to the nestling cycle. For example, we noticed that rain and hail tended to cause mortality in nestling 2. 1. oriantha when they were about 5 or 6 days of age. At that time, the nests had undergone considerable wear and were more likely to be damaged. Furthermore, the nestlings were not old enough to survive outside the nest if it did come apart.
Most of the loss of eggs due to human interference occurred because the females abandoned when they were flushed from the nest. If a female abandoned, she usually did so the first time she was flushed or not at all. Nestlings were lost from a variety of handling misadventures, mostly during deep-body temperature measurements. Usually only eggs were abandoned, but once a female abandoned day-l nestlings when a blind was erected 2 m from the nest.
RENESTING
In our experience, 2. 1. oriantha nearly always renested if they lost their eggs or nestlings. If a second effort failed, they tried again and again. We observed one female in 1970 that built at least four nests, laid four complete clutches, and had all of them robb' ed by predators.
In 26 cases we were able to determine the interval between the loss of a nest and the laying of the first egg in a new nest. The mean interval was 6.8 * 3.9 days (range, 2-16 days ) . The case wherein we observed a 2-day interval was unusual. The first nest was built on the ground near the shore of Tioga Lake in a 240 m2 marshy area covered with thick, dry grass about 25 cm high. The nest was little more than a lined cup made totally of dry grass. At 11:20 on 28 June 1970, the female was incubating four eggs. At 11:20 the next day, the eggs were gone and the female was seen carrying grass. At about 05:30 on 30 June, she laid an egg in a new nest located only 8 m south of the previous one and constructed in the same simple fashion. Assuming the first nest was robbed as soon as we left it, the maximum time between predation and the laying of the first egg in the new clutch was 43 hr. The bottom of the new nest was thin and wet from the wet ground beneath it. One more egg was laid on 1 July and then the nest was abandoned. This female did not renest again to our knowledge. (table 6) . The total number of pairs using the meadow was greatest in 1968 when the maximum amount of habitat was available at nesting time and least in 1969 when much of the area was still covered with snow. However, the number of pairs present in a given year was not a good indicator of productivity (total young fledged) for the meadow. Productivity was lowest in 1968 and highest in 1970. Clutch size, hatchability, and mortality all favored greater productivity in 1969 and 1970 as compared to 1968. Probably of greatest importance was the prolonged wet period provided by melting snow in the latter 2 years. This caused conditions favorable for raising young to persist until quite late in the summer so that more renesting efforts were possible including even some second broods.
SUMMARY
The chronology of events in the reproductive cycle and the nesting success of Zonotrichia leucophrys oriantha were studied for 3 summers (1968) (1969) (1970) The net effect on productivity of the prolonged seasons in 1969 and 1970 was to increase the number of young fledged per pair and per unit area of breeding habitat over that of 1968. Involved in the increase in productivity were larger clutches, increased hatchability, decreased mortality, and the occurrence of some second broods.
Nest location was also affected by the presence of snow during the nest building period, especially in 1969, when many nests were placed in willows and scrub pine.
The first egg was laid an average of 2.5 days after the nest was completed. Eggs were laid one per day in the early morning. The mean clutch size for I43 nests was 3.93 (mode = 4). Clutch size did not vary with season or between initial clutches and renests.
Females began the incubation process while still laying eggs. They sat on the nest for several hours each day from the first egg onward. Full-time incubation was signaled by the occurrence of nighttime sitting at the time the clutch was completed or when the penultimate egg was laid. When incubating, females sat on the nest an average of 61.4% of the time during daylight and continuously at night. The incubation period ranged from 9 to 15 days and was significantly longer in 1969 and 1970 than in 1968.
Mortality in the 3 summers was 55.1% (276 of 501 fertile eggs and nestlings). In nests built on the ground, mortality was 57.6% (144 of 250) and in nests built above ground, it was 52.6% ( 132 of 251).
There were three major courses for mortality: predation, weather, and human interference. Of these, predation was the most important. The Belding ground squirrel was probably the most important predator. It was observed eating eggs and nestlings and was abundant in the study area. Long-tailed weasels may also have been an important predato' r, especially in 1969 and 1970 when they seemed to be more numerous than in 1968.
Despite the slightly greater susceptibility of nests on the ground to predation, 2. 1. oriantha seem to prefer to build them there. An offsetting factor is that nests above ground are more likely to be damaged by storms, particularly if they have been worn by the activity of nestlings. Nests in either location may be abandoned during a prolonged snowstorm, and nests on the ground are more likely to be flooded.
Following the loss of a clutch or brood, renesting nearly always occurred. Several attempts were made if necessary. The mean interval between 10' s~ of a nest and laying of the first egg in a new nest was 6.8 days. The new nest was located within the same territory, a mean distance of 35.6 m from the previous nest. 
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